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Title of the Invention 
Dry etching method 

Claim 

(Claim 1) A dry etching method, comprising etching a silicon compound 
layer, controlling the temperature of the etched substrate to 50 °C or 
lower, and using an etching gas containing an unsaturated chain 
fluorocarbon compound represented by the general formula C^Fy (where x 
and y are natural numbers indicating the number of atoms and satisfy the 
conditions of x ^ 2, y ^ 2x) , and an unsaturated cyclic fluorocarbon 
compound represented by the general formula CpFq (where p and q are nat- 
ural numbers indicating the number of atoms and satisfy the conditions 
of p ^ 3, q ^ 2p-2) and having a ring in at least part of the molecular 
structure . 

Detailed Explanation of the Invention 
(Industrial Field of Application) 

The present invention relates to a dry etching method that is 
applied in the semiconductor device manufacturing field and the like, 
and in particular, it relates to a method of dry etching of a silicon 
compound layer, which is superior in resist selectivity and silicon 
undercoat ing selectivity, and moreover is high speed and does not damage 
the silicon undercoating . 
(Prior Art) 

Pursuant to the advancement of high- scale integration and increase 
^Numbers in the margin indicate pagination in the foreign text. 



of performance of semiconductor devices as is seen in the recent VLSI, 
ULSI, and the like, the technical requirements for methods of dry 
etching of silicon compound layers represented by silicon dioxide (Si02) 
also have become even more strict. First, the mainstream of dry etching 
apparatuses is transitioning from the batch type of the past to the 
sheet type, backed up by the fact that the surface areas of devices and 
chips are enlarged and wafers are increased in aperture due to high- 
scale integration, the fact that patterns to be formed are highly 
microminiaturized and uniform processing of the wafer surfaces is 
required, and the fact that production of many varieties in small 
quantities is required as represented by ASICs. At this time, in order 
to maintain equal productivity with the past, great improvement of 
etching speed has become necessary. Also, given the situation that the 
bonding depths of impurity diffusion regions are becoming shallower and 
the various material layers also are becoming thinner in order to devise 
acceleration and microminiaturization of devices, etching technologies 
that are more superior in undercoating selectivity and less damaging 
than in the past are required, for example, when attempting to form 
contacts such as in impurity diffusion regions formed within 
semiconductor substrates and in source/drain regions of PMOS transistors 
used as resistance load elements of SRAMs and the like, etching of the 
Si02 interlayer insulation film, which is performed with the silicon sub- 
strate or polyc2rystalline silicon layer as undercoating, is one example 
of that. Furthermore, improvement of the resist selectivity ratio also 
is an important issue. This is because, with submicron devices, the 
occurrence of slight dimensional changes due to retreating of the resist 
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has come not to be allowed. However, the characteristics of high speed, 
high selectivity, and low damage are in a mutually exclusive 
relationship, and the establishment of an etching process that can 
satisfy all is extremely difficult. 

In the past, in order to perform dry etching of a silicon compound 
layer represented by a Si02 layer while maintaining a high selectivity 
ratio with respect to the silicon material layer, CHF3, CF4/H2 mixed sys- 
tem, CF4/O2 mixed system, C2F6/CHF3 mixed system, and the like have been 
used traditionally as etching gases. These all mainly have fluorocarbon 
gases with a C/F ratio {ratio of the number of carbon atoms to the 
number of fluorine atoms in the molecule) at or above 0.25. The reasons 
why these gas systems are used are: (a) the C contained in the 
fluorocarbon gases works to generate C-0 bonds on the surface of the Si02 
layer and to cut and weaken the Si-0 bonds; (b) they can produce CFn^ 
(particularly n = 3) which is the main etching seed of the SiOz layer; 
and furthermore (c) because a relatively carbon- rich state is created in 
the plasma, the oxygen in the Si02 is removed in the form of CO or CO2, 
meanwhile, carbon polymers are accumulated on the surface of the silicon 
material layer by the contributions of the C, H, F, and the like 
contained in the gas systems, and the etching speed is lowered and a 
high selectivity ratio with respect to the silicon material layer can be 
obtained. The abovementioned additive gases with H2, O2, and the like are 
used for the purpose of control of the selectivity ratio, and they can 
respectively reduce or increase the quantity of f^^^""^^^"^^^®' generated. In 
other words, they have the effect of controlling the apparent C/F ratio 
of the etching reaction system. 

4 



As opposed to this, the present applicant has previously proposed 
in the specification of Japanese Patent Application No. 2-75828 a method 
of dry etching of silicon compounds that uses saturated and unsaturated 
high-order chain fluorocarbon gases with two or more carbon atoms. This 
attempts acceleration of etching where CFj,^ is produced with good ef- 
ficiency by the use of high-order fluorocarbon gases such as CjFg, C^Fq, 
C4F10, and C4F8. However, simply when using a high-order fluorocarbon gas 
alone, the quantity of pi^^i^sibie] produced becomes greater, and a suffi- 
ciently large resist selectivity ratio and silicon undercoating 
selectivity ratio cannot be obtained. For example, when the Si02 layer 
on the silicon substrate was etched with CgFg as the etching gas, accel- 
eration may be achieved, but the resist selectivity ratio is as much as 
1.3 lower, and the etching tolerance is insufficient, and in addition, 
a dimensional change gets caused by retreating of the pattern edge. 
Also, because the silicon selectivity ratio is as much as 4.1, the 
problem of over-etching tolerance remains. Therefore, in order to solve 
these problems, in the abovementioned prior art, two- stage etching is 
performed, where etching with the high-order chain fluorocarbon gas 
alone is stopped immediately before the undercoating is exposed, and 
when etching the remaining part of the silicon compound layer, a 
hydrocarbon gas such as ethylene (C2H4) is further added to this gas in 
order to promote accumulation of carbon polymers. This is for the 
purpose of raising the apparent C/F ratio by supplementing the C atoms 
in the etching reaction system, as well as consuming the excess p^^^^®^^^^®^ 
with the H^^^^®^^^^®^ produced in the plasma and converting them to HF. 

However, in the present situation where semiconductor device design 
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rules are highly microminiaturized, it is coming to the point where di- 
mensional changes with the etching masks are substantially not allowed, 
and even given that two-stage etching such as described above is 
performed, it has become necessary to further improve the selectivity 
ratio in the first stage of etching. Also, because it is believed that 
the influence of particle contamination due to carbon polymers will 
become more severe pursuant to the further progress of 
microminiaturization in the future, it is at the point where the 
cjuantity of accumulating gas such as hydrocarbon gas used in the second 
stage of etching also should be reduced to the extent possible. 

From such viewpoints, the present inventor has previously proposed 
in the specification of Japanese Patent Application No. 2-295225 
technology that etches a silicon compound layer in a state controlling 
the temperature of the processed substrate to 50°C or lower and using an 
unsaturated chain fluorocarbon gas having at least one unsaturated bond 
in the molecule. Because the abovementioned unsaturated chain 
fluorocarbon gas in theory generates two or more CF„* from one molecule 
by discharge dissociation, it can etch the SiO^ at high speed. Also, be- 
cause it has an unsaturated bond in the molecule, it easily produces 
highly active radicals by dissociation, and polymerization of carbon 
polymers is promoted. Moreover, by the fact that the temperature of the 
processed substrate is controlled to 50°C or lower, accumulation of .the 
abovementioned carbon polymers is promoted. Accordingly, the resist 
selectivity and silicon undercoating selectivity can be improved. As the 
abovementioned unsaturated chain fluorocarbon gases, octaf luorobutene 
(CFs) , hexaf luoropropene {C,F,) , and the like are used. Also, in the same 



specification, there also is proposed technology that stops etching by 
the unsaturated chain fluorocarbon gas alone at the middle of the 
silicon compound layer, and performs etching of the remainder as well as 
over-etching using a gas having added a hydrocarbon gas such as C2H4 to 
the abovementioned unsaturated chain fluorocarbon gas. This combines the 
use of the accumulating gas from the middle point of etching in order to 
further improve the selectivity with respect to the undercoating of 
silicon. 

Furthermore, as a separate approach, the present inventor has 
previously proposed in the specification of Japanese Patent Application 
No. 3-40966 technology that etches a silicon compound layer in a state 
controlling the temperature of the, processed substrate to 50°C or lower . 
and using a saturated or unsaturated fluorocarbon compound having a ring 
in at least part of the molecular structure. This intends to increase 
the C/F ratio of the etching reaction system by utilizing the fact that, 
for example, when comparing between saturated compounds having the same 
number of carbon atoms, the cyclic compound can make the number of F 
atoms two less compared with the chain compound. In the abovementioned 
specification, examples are given with C,F,. C,F,, C,F,,. and the like as 
saturated cyclic fluorocarbon compounds, and C3F4, C^Fg, CsFa, and the like 
as unsaturated cyclic fluorocarbon compounds. 
(Problems that the Invention is to Solve) 

Incidentally, in the technologies proposed in the past that use 
unsaturated chain fluorocarbon gases or unsaturated cyclic fluorocarbon 
gases, as is clear from the explanation up to here, in practice it was 
necessary to combine the use of and hydrocarbon gases in order to ob- 



tain a sufficient selectivity ratio. However, together with the 
microminiaturization of design rules, the influence of hydrogen 
contained in these additive gases can no longer be ignored. For example 
in Applied Physics Letters, Vol. 53, No. 18 (1988), pp. 1735-1737, the 
inducement of defects in monocrystalline silicon by hydrogen plasma has 
been reported. That is, because both the ion diameter and the mass of 
the produced in the hydrogen plasma are extremely small, when they are 
injected into the silicon substrate, they penetrate with great range, 
and they act as nuclei to induce crystal defects in later processes. 
Also, even if they do not lead to crystal defects, there is a concern 
that crystal strain caused by injection of may be connected to in- 
crease of contact resistance. Therefore, in ordinary processes, light 
etching is performed to a depth of several tens of nm from the surface 
layer of the silicon substrate, and the damaged layer is removed. 

However, in the semiconductor device manufacturing field, sheet 
processing is becoming the mainstream as described before, and even when 
in the form of a dry etching apparatus, an apparatus of the type that 
performs high-speed etching with high-density plasma, such as the 
magnetron and ECR (Electron Cyclotron Resonance) type, will become the 
mainstream in the future. It is sufficiently predictable that when a 
wafer is placed in such high-density plasma, the generated by dis- 
charge dissociation from the hydrocarbon gas will render great damage to 
the silicon substrate. Also, even given that the damaged layer is 
removed by light etching, in the present situation where the bonding 
depths of impurity diffusion regions are becoming shallower, the 
quantity of silicon substrate removed by such postprocessing has come to 



a level that cannot be treated lightly. Accordingly, it is desired that 
etching be performed with a gas system that does not cause in the 
plasma . 

In this sense, the cyclic fluorocarbon compound proposed in the 
specification of Japanese Patent Application No. 3-40966 described 
before is promising as an additive gas. That is because the cyclic 
fluorocarbon compound has a high C/F ratio due to its inherent skeletal 
structure, and the addition of this can have the effect of increasing 
the apparent C/F ratio of the etching reaction system.. In fact, in the 
same specification, it is described to the effect that good results were 
obtained by etching a SiOz interlayer insulation film by adding C4F8 or 
C4F6 to a saturated chain fluorocarbon compound such as C^Fq. 

However, in the present situation where surface stepping of wafers 
is increased pursuant to making device structures three-dimensional, 
there are also cases of over-etching extending to 100% or higher even in 
etching and the like of interlayer insulation films, and even higher 
selectivity than in the past is required. Also, in the dry etching field 
of late, so-called low- temperature etching, which performs etching while 
cooling the wafer to 0°C or lower, is attracting attention. This lowers 
the etching speed in the horizontal direction of the etched material 
layer by controlling or freezing the radical reaction by low-tempera- 
ture cooling, while keeping the etching speed in the depth direction to 
a practical level by ion assisted reaction, and enables anisotropic 
processing even with low- ion injection energy. Because the wafer 
temperature during etching rises up to nearly 200°C by the heat of 
plasma radiation and the heat of the reaction, especially if cooling is 



not performed, even when the wafer temperature is near room temperature, 
it may be included in low- temperature etching in the broad sense. When 
performing low- temperature etching, how to make the wafer cooling 
temperature come close to the room temperature region is an extremely 
important factor for determining the practicality and the throughput of 
the process. However, the majority of the technologies of the past 
require cooling to 0°C or lower, and further improvements are sought in 
this point as well. Therefore, the purpose of the present invention is 
to provide a method that can perform etching of a silicon compound layer 
in a temperature region near room temperature and is superior in 
selectivity without inducing damage to the silicon substrate. 
(Means of Solving the Problems) 

The dry etching method of the present invention is proposed in 
order to achieve the purpose described above, and it comprises etching 
a silicon compound layer, controlling the temperature of the etched sub- 
strate to 50°C or lower, and using an etching gas containing an un- 
saturated chain f luorocarbon compound represented by the general formula 
C F (where x and y are natural numbers indicating the number of atoms 
and satisfy the conditions of x ^ 2 , y ^ 2x) , and an unsaturated cyclic 
fluorocarbon compound represented by the general formula CpF, (where p 
and q are natural numbers indicating the number of atoms and satisfy the 
conditions of p ^ 3, q ^ 2p-2) and having a ring in at least part of the 
molecular structure. 

The unsaturated chain fluorocarbon compound C^Fy which serves as one 
of the main elements of the etching gas in the present invention is a 
so-called high-order fluorocarbon with the number of C atoms x being two 
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or more. The upper limit of the number of C atoms x is not particularly 
limited within the limit that the abovementioned chain compound can be 
introduced into the etching reaction system in gasified state. Because 
the number of F atoms y satisfies the condition that y ^ 2x, the 
abovementioned unsaturated chain fluorocarbon compound has at least one 
unsaturated bond in the molecule. The abovementioned unsaturated chain 
fluorocarbon compound has a higher C/F ratio (ratio of the number of C 
atoms to the number of F atoms) than saturated chain fluorocarbon 
compounds, and because it creates free monomers for promoting 
polymerization of carbon polymers by cleavage of the unsaturated bond, 
it relatively easily accumulates carbon polymers and enables etching 
with reduced influence of f'^"^^^"^' . The type and number of unsaturated 
bonds are not particularly limited, but it is desirable that they be 
selected within a range that two CF/ can be produced from one molecule 
by plasma dissociation, and the etching speed is not lowered due to 
excessive accumulation of carbon polymers. The structure of the carbon 
skeleton is not particularly limited, and it may be linear or branched. 

The unsaturated cyclic fluorocarbon compound which serves as the 
other main element of the etching gas in the present invention has a 
number of C atoms p being three or more, from the need to form a ring in 
at least part of the molecular structure. Also, because the number of F 
atoms q satisfies the condition that q ^ 2p-2, there is at least one 
unsaturated bond in the molecular structure. The upper limit of the 
number of C atoms p is not particularly limited as long as the 
abovementioned chain compound can be introduced into the etching 
reaction system in gasified state, and it is a compound that can be 



manufactured technologically and is present with stability. The type and 
number of unsaturated bonds also are not particularly limited, but when 
too many unsaturated bonds are present in the molecule, the C/F ratio is 
extremely increased and is not preferable. For example, in the 
publication of Japanese Examined Patent No. 1-60938, reference is made 
to the effect that a SiOj etching gas cannot be constituted simply with 
hexafluorobenzene (CgFe; C/F ratio = 1) which has three double bonds in 
a six-carbon ring. That is because a markedly large quantity of CF/ is 
generated in the CgFg plasma, as a result of which polymerization of car- 
bon polymers is promoted to excess and the etching reaction does not 
progress. In the above publication, etching of SiOz is made possible by 
mixing CF4, which has the lowest C/F ratio among all the fluorocarbon 
gases, in order to control the generation of this CF/. The abovemen- 
tioned unsaturated fluorocarbon compound may be one having a saturated 
chain such as CF3 - bonded to an unsaturated ring, one having an unsatu- 
rated chain such as CF2 = CF - bonded to an unsaturated ring, one having 
an unsaturated chain such as CF2 = CF - bonded to a saturated ring, and 
the like. 

Furthermore, in the present invention, the temperature of the 
etched substrate during etching is controlled to 50°C or lower. This 
temperature control may be performed in the room temperature region or 
in a temperature region at 0**C or lower, which is generally called low- 
temperature etching. Whichever it is, the point that etching can be 
performed at a vastly higher temperature region than by the prior art is 
a merit of the present invention. Ordinarily, in the dry etching 
process, if cooling is not particularly performed, the temperature of 



the etched substrate rises to as much as 200''C. However, if the 
temperature is controlled to 50°C or lower, carbon polymers can be 
accumulated with good efficiency by the lowering of vapor pressure. 
(Operation) 

From one molecule of the unsaturated chain f luorocarbon compound 
used in the present invention, theoretically two CF„* are generated. Ac- 
cordingly, under the same gas pressure, the absolute quantity of CF„* in 
the plasma becomes greater compared with the case when using well-known 
gases of the past such as CF3H and CF^H^, and etching at higher speed be- 
comes possible. Also, mono-radicals, or highly active bi-radicals such 
as carbene according to conditions, are produced by discharge 
dissociation, and polymerization of carbon polymers is promoted by their 
impacting the n electron system within the unsaturated bond. 

However, if a so-called high-order fluorocarbon such as described 
above is used, while it is obvious, the quantity of f'^"«^^"^' produced 
in the plasma also becomes greater. In the past, and hydrocarbon gases 
were added in order to increase the C/F ratio in the etching reaction 
system, but in the present invention, an unsaturated cyclic fluorocarbon 
compound having a ring in at least part of the molecular structure is 
added. That is, not only is the C/F ratio increased by capturing F 
with h'"'=''"=', but also the same effect is obtained by using compounds 
with different carbon skeletons. The reason why such becomes possible is 
because the number of fluorine atoms in the abovementioned unsaturated 
cyclic fluorocarbon compound is two or more less than that of the 
unsaturated chain fluorocarbon compound which has the same number of 
carbon atoms and the same type and number of unsaturated bonds. Also, 
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this unsaturated cyclic fluorocarbon compound has the action of 
promoting polymerization of carbon polymers in the same manner as the 
unsaturated chain fluorocarbon compound described before. 

The abovementioned carbon polymers are accumulated on the etched 
substrate which is temperature controlled to 50^C or lower, but they are 
not easily removed by ion impact and the like on the surface of a 
silicon material layer such as monocrystalline silicon or 
polycrystalline silicon, or on the surface of a resist pattern. However, 
on the surface of a silicon compound layer such as SiOj, they are easily 
removed because the oxygen contained inside the layer is sputtered out 
and contributes to the breakdown of the carbon polymers. Accordingly, if 
the accumulation of carbon polymers is increased, the resist selectivity 
and the silicon undercoating selectivity are improved. However, in the 
present invention, because the absolute quantity of CFn\ which is the 
etching seed of the silicon compound layer, is increased, there is no 
lowering of the etching speed whatsoever even when the accumulation of 
carbon polymers is promoted. Moreover, in the present invention, because 
compounds that generate H' in the etching gas are not added, there also 
is no worry that defects will be caused due to injection of H\ In the 
past, light etching has been performed in order to remove the damaged 
layer formed on the surface layer of the silicon substrate, but by the 
present invention, this becomes unnecessary. Thus, by the present 
invention, it becomes possible to perform etching of a silicon compound 
layer while satisfying all requirements for dry etching, such as high 
undercoating selectivity, high resist selectivity, high anisotropy, and 
high speed. 
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(Working Examples) 

Below, specific working examples of the present invention are 
explained. In the specification below, when indicating the unsaturated 
cyclic fluorocarbon compound having a ring, it is indicated by assigning 
"C-" representing that it is cyclic to the front of the formula in order 
to avoid confusion with the unsaturated chain fluorocarbon compound. 

Working Example 1 

The present working example is an example where the present 
invention is applied to the contact hole process, and a SiO^ interlayer 
insulation film is etched using a mixed gas of hexaf luoropropene (C3FJ 
and hexaf luorocyclobutene {c-W . In the present working example, the 
etched substrate (wafer) used as the etching sample has a SiO^ interlayer 
insulation film formed on a monocrystalline silicon substrate with an 
impurity diffusion region formed in advance, and furthermore it has a 
resist pattern formed as an etching mask of that SiO^ interlayer insula- 
tion film. The abovementioned wafer is set on top of the wafer mounting 
electrode of a magnetron RIE (Reactive Ion Etching) apparatus. Here, the 
abovementioned wafer mounting electrode has a cooling conduit inside, 
and it is made capable of controlling the wafer temperature during 
etching to 50°C or lower by supplying a coolant to that cooling conduit 
from cooling equipment such as a chiller being connected to the outside 
of the apparatus and circulating. Here, ethanol is used as the coolant 
such that the wafer temperature during etching is kept at 20'C. In this 
state, etching was performed under conditions of C.F^ flow rate 4 5 SCCM, 
C-C4F6 flow rate 5 SCCM, gas pressure 2 Pa, RF power density 2.0 W/cm', 
and magnetic field strength 150 Gauss as one example. 
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in the etching process described above, etching of the SiO, inter- 
layer insulation film progressed at high speed by a mechanism mainly 
being an ion assisted reaction by the CF/ produced in large quantities 
in the plasma by discharge dissociation of the C3F. and the c-QF,. At 
this time, on the surface of the resist pattern, carbon polymers 
originating from the C3Fe and the c-C,F, were accumulated with good effi- 
ciency, but on the surface of the SiO. interlayer insulation film, the 
carbon polymers also were removed pursuant to the etching removal 
itself. AS a result, contact holes having good anisotropic shape were 
formed despite that operations such as adding accumulating gas and 
switching etching conditions mid-course were not performed. The resist 
selectivity ratio in this process was 3.5, and the silicon selectivity 
ratio was about 15. By the fact that the resist selectivity ratio as 
described above was obtained, dimensional change was greatly reduced 
compared with the past. Also, by the fact that a high silicon 
selectivity ratio was obtained as described above, damage to the 
monocrystalline silicon substrate and the impurity diffusion region was 
controlled to a minimum even when performing as much as 50% over- 
etching. Both values of the abovementioned selection ratios were equal 
to the selection ratios when having used an etching gas with added 
accumulating gas containing H, such as C3F3/C,H,. However, in the present 
invention, because was not produced in the plasma, the substrate dam- 
age which was evaluated by sample wafer method was controlled to about 
1/2 that of the past. Also, upon having observed the section of the 
wafer after etching by transmission electron microscope, the crystal 
strain which was seen characteristically in the surface layer of the 
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impurity diffusion region when etching was performed with an etching gas 
containing H in the past was not seen at all in the present working 
example. 

For comparison, etching was performed under the same discharge 
conditions using C3F9, being a saturated chain f luorocarbon compound, in 
place of the C3F6 described above, but the wafer had to be cooled to 0°C 
in order to obtain equal selectivity ratios. This is because the C^Fq did 
not produce carbon polymers and only the c-C^Fg was involved in their 
formation, and therefore in order to cause the carbon polymers to be 
accumulated with good efficiency, the temperature of the wafer had to be 
made 20°C lower. 
Working Example 2 

The present working example also is an example of etching of a SiOz 
interlayer insulation film using a mixed gas of C3F6 and c-QFg in the 
same manner as in Working Example 1. However, in order to further 
improve the selectivity with respect to the monocrystalline silicon 
substrate being the undercoating, the flow ratio between the C3F6 and the 
C-C4F6 was changed between the just-etching process and the over-etching 
process. The wafer used in the present working example is the same as 
the one used in Working Example 1. The abovementioned wafer was set on 
the magnetron RIE apparatus, and the Si02 interlayer insulation film 
first was etched up to the vicinity of just-etching under conditions of 
C3F6 flow rate 46 SCCM, c-Q Fg flow rate 4 SCCM, gas pressure 2 Pa, RF 
power density 2.0 W/cm^ magnetic strength 150 Gauss, and wafer temper- 
ature 30°C as one example. So-called just-etching here indicates the 
state when the monocrystalline silicon substrate of the undercoating 
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first is exposed on the wafer surface. 

Next, over-etching was performed under conditions of CjFg flow rate 
30 SCCM, c-C^Fe flow rate 20 SCCM, gas pressure 2 Pa, RF power density 
1.5 W/cmS magnetic strength 150 Gauss, and wafer temperature 30°C as one 
example. The progress of the etching reaction and the mechanism of 
accumulation of carbon polymers in each of the processes described above 
basically were as described in Working Example 1. However, in the over- 
etching process, the flow rate of the c-C,F, was greatly increased com- 
pared with the process up to just-etching, the f'"^^'^^^^' was relatively 
reduced, and conditions for promoting the accumulation of carbon 
polymers were set. Moreover, the RF power density was lowered, and the 
injected ion energy was reduced. As a result, sufficiently high 
selectivity was achieved despite that the wafer temperature was higher 

than Working Example 1. 

Above, the present invention was explained based on two working 
examples, but the present invention is not limited whatsoever to these 
working examples, for example, O, may be added to the etching gas for the 
purpose of control of the etching speed, or noble gases such as He and 
Ar may be suitably added in the expectation of sputtering effect, 
diluting effect, cooling effect, and the like. Furthermore, the etched 
material is not limited to the SiO^ described above, and it also may be 
PSG, BSG, BPSG, AsSG, AsPSG, AsBSG, SiN, and the like. 
(Effects of the Invention) 

As is clear from the above explanation, in the present invention, 
etching of a silicon compound layer is performed using an etching gas 
composed by adding an unsaturated cyclic fluorocarbon compound to an 
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unsaturated chain fluorocarbon compound. Such an etching gas makes high- 
speed etching possible by generation of large quantities of CF„', and in 
addition, it promotes the accumulation of carbon polymers even in the 
vicinity of room temperature by increasing the C/F ratio, and increases 
the undercoating selectivity and the resist selectivity. Moreover, 
because compounds that can generate in the plasma are not added, which 
is different from the means for improvement of selectivity in the past, 
there is no worry that defects may be caused in the silicon substrate, 
and light etching in order to remove damaged layers becomes unnecessary. 
Accordingly, the present invention is extremely well-suited in the 
manufacture of semiconductor devices which are designed to minute design 
rules and have a high degree of integration and high performance. 
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